The present invention relates to a vertical cavity type Semiconductor light emitting device Such as a Surface emit ting laser, and a light emitting apparatus, an optical disk apparatus and a recording apparatus utilizing the same. The present invention also relates to an etching method which can be used for fabricating the vertical cavity type Semicon ductor light emitting device.
2. Description of the Related Art AZnSe type II-VI group compound Semiconductor mate rial is a direct transition type Semiconductor which has a Substantially wide band gap. Thus, the material appears to be Suitable for emitting blue laser light. Hence, the develop ment of a Semiconductor laser which emits blue laser light (hereinafter, simply referred to as a "blue Semiconductor laser') employing the ZnSe type II-VI group compound Semiconductor material is actively being performed.
The development of a vertical cavity type Semiconductor laser is also conducted which employs a GaAs type III-V group compound Semiconductor material. Furthermore, a Vertical cavity type blue Semiconductor laser is also reported which employs the ZnSe type II-VI group compound Semi conductor material.
FIG. 13 is a structural cross-sectional view showing a conventional vertical cavity type Surface emitting blue Semi conductor laser employing a ZnSe type II-VI group com pound Semiconductor.
In the illustrated structure of the conventional vertical cavity type surface emitting blue semiconductor laser 1300 in FIG. 13, a Cl-doped n-type ZnSe epitaxial cladding layer 172, a multiple quantum well active layer 173 including ZnCdSe well layers and ZnSe barrier layers, and an N(nitrogen)-doped p-type ZnSe epitaxial cladding layer 174 are Sequentially provided on an Si-doped n-type GaAS substrate 171. On the p-type cladding layer 174, a polycrys talline ZnO buried layer 1375 having an opening is provided and functions as a current constricting layer (a current blocking layer). A p-side mirror 177p including a multilayer Structure of polycrystalline SiO layers and polycrystalline TiO2 layers is provided in the opening of the ZnO buried layer 1375. In a window 171a of a substrate 171 provided below the active layer 173, a n-side mirror 177n including a multilayer Structure of polycrystalline SiO2 layers and polycrystalline TiO2 layers is provided. Furthermore, a p-type AuPd electrode 176 is provided so as to cover the p-side mirror 177p and the ZnO buried layer 1375. An n-type AuCe electrode 178 is provided on the bottom surface of the substrate 171 except for the window 171a.
In the surface emitting blue semiconductor laser 1300 as illustrated in FIG. 13, laser light emitted from the active layer 173 is amplified by using the p-side mirror 177p and the n-side mirror 177n and then is so emitted from the window 171a of the substrate 171 (in the downward direc tion in FIG. 13 ).
It is reported that the above-described structure affords a current injection type laser oscillation at a low temperature of 77K (see, for example, Applied Physics Letters, Vol. 66, No. 22, pp. 2929 -2931 , May 1995 2 to the active layer 173 only through a narrow gap between the p-side mirror 177p and the current block layer 1375. Accordingly, electric resistance for the injected current increases. Moreover, the injected current flows in a spread ing manner toward the n-type electrode 178 provided on the bottom surface of the substrate 171, as indicated by the arrows in FIG. 13. Therefore, light is generated in the active layer 173 not only at a region thereof Sandwiched by the p-side mirror 177p and the n-side mirror 177n but also in regions outside the Sandwiched region. Thus, an Outer portion of the gen erated light is not oscillated, resulting in no contribution to gain of the laser oscillation. Consequently, light emission efficiency decreases while threshold current density increases.
SUMMARY OF THE INVENTION
A vertical cavity type Semiconductor light emitting device of the present invention includes: a light emitting layer made of a II-VI group compound Semiconductor material; a first II-VI group compound Semiconductor layer which has an opening at a position corresponding to the inside of the light emitting layer, and an upper mirror and a lower mirror which are provided So as to interpose the light emitting layer therebetween. A current is injected through the opening into the light emitting layer.
According to another aspect of the present invention, a Vertical cavity type Semiconductor light emitting device includes: a light emitting layer; and an upper mirror and a lower mirror which are provided So as to interpose the light emitting layer therebetween. Each of the upper mirror and the lower mirror is made of a II-VI group compound Semiconductor material. According to Still another aspect of the present invention, a light emitting apparatus includes a vertical cavity type Semiconductor light emitting device and an optical detector, both of which are provided on the same substrate, wherein the vertical cavity type Semiconductor light emitting device has the Structure as described above.
According to Still another aspect of the present invention, a light emitting apparatus includes a plurality of Vertical cavity type Semiconductor light emitting devices which are integrally formed in an array within a single Substrate, wherein each of the Vertical cavity type Semiconductor light emitting devices has the Structure as described above.
According to Still another aspect of the present invention, an optical desk apparatus includes: a vertical cavity type Semiconductor light emitting device, light-collecting optics for collecting laser light emitted from the Vertical cavity type Semiconductor light emitting device onto a recording medium; and an optical detector which receives a reflected light from the optical disk, wherein the vertical cavity type Semiconductor light emitting device has the Structure as described above.
According to Still another aspect of the present invention, a recording apparatus includes, as a light Source, a vertical cavity type Semiconductor light emitting device which has the Structure as described above.
According to Still another aspect of the present invention, an etching method includes the Step of conducting dry etching of a II-VI group compound Semiconductor layer using a predetermined mixed gas as an etchant. The mixed gas includes a first gas component and a Second gas com ponent. The first gas component is chlorine gas. The Second gas component is a gas Selected from the group consisting of hydrogen gas, nitrogen gas, and an inert gas. 5,956,362 3 According to Still another aspect of the present invention, a method for etching a Semiconductor multilayer Structure, in which a II-VI group compound Semiconductor layer is formed on a GaAS crystal, is provided. The method includes the Step of conducting wet etching of the GaAS crystal using a mixed solution of NHOH, HO and HO as an etchant. Thus, the invention described herein makes possible the advantage of (1) providing a vertical cavity type semicon ductor light emitting device which realizes lasing oscillation at a Sufficiently low threshold current density, (2) providing a light emitting apparatus, an optical disk apparatus and a recording apparatus utilizing the above-mentioned vertical cavity type semiconductor light emitting device, and (3) providing a etching method which can be used for fabricat ing the above-mentioned Vertical cavity type Semiconductor light emitting device. These and other advantages of the present invention will become apparent to those skilled in the art upon reading and understanding the following detailed description with refer ence to the accompanying figures. In the surface emitting blue semiconductor laser 100, a Cl-doped n-type ZnMgSSe epitaxial cladding layer 12, a multiple quantum well active layer (hereinafter, also referred to as a "light-emitting layer') 13, an N(nitrogen)-doped p-type ZnMgSSe epitaxial first cladding layer 14, a Cl-doped n-type ZnSSe epitaxial current blocking layer (i.e., a current constricting layer) 15, and an N(nitrogen)-doped p-type ZnSSe epitaxial Second cladding layer 16 are Sequen tially provided on an Si-doped n-type GaAS Substrate 11. An etching Stopping layer (made of AIAS or AlGaAS) having a thickness of about 0.1 um is provided between the GaAs substrate 11 and the above-mentioned layered structure. The current blocking layer 15 has an opening, and the Second cladding layer 16 is formed on the current blocking layer 15 So as to cover the opening.
On the second cladding layer 16, a p-side mirror 17p including a multilayer Structure of polycrystalline SiO2 layers and polycrystalline TiO layers is provided at a position corresponding to the opening of the current block ing layer 15. On the current blocking layer 15, a ZnTe contact layer 18c having an opening corresponding to the current blocking layer 15 is provided. A p-type AuPd elec trode 18 is provided so as to cover the p-side mirror 17p and the contact layer 18c.
A window 11a is formed in the Substrate 11 for obtaining laser light. An n-side mirror 17n having a multilayer Struc ture of polycrystalline SiO2 layers and polycrystalline TiO2 layers is provided on the bottom surface of the window 11a. An n-type AuGeniPd electrode 19 is provided on the bottom surface of the substrata 11 except for the window 11a.
According to the present example of the invention, as shown in the band diagram of FIG. 1C Alternatively, the contact layer 18c may be formed with an amorphous Semiconductor layer Such as Te.
When the contact layer 18c is formed as an epitaxial layer, for example, the contact layer 18c is a p-type ZnTe contact layer, ohmic contact is realized between the contact layer 18c and the p-type electrode 18 when the p-type electrode 18 is formed with Au. However, since the ZnTe contact layer 18c is an epitaxial layer, a misfit rate of lattice constants becomes large between the contact layer 18c and the under lying ZnSSe cladding layer 16. As a result, misfit dislocation is generated in the ZnTe contact layer 18c, resulting in deterioration of the lasing characteristics.
On the other hand, when the contact layer 18c is formed as an amorphous Semiconductor layer Such as Te deposited on the underlying epitaxial layer, there is no need to consider the disadvantages relating to the lattice mismatch in the contact layer 18c because the amorphous layer inherently has no periodical arrangement of atoms. Accordingly, dis location relating to the lattice mismatch is not generated or propagated, resulting in an amorphous Semiconductor con tact layer of high quality. It is possible to obtain advantages of, for example, preventing Voltage from increasing due to lattice defects in the contact layer and/or preventing current from being injected non-uniformly due to leakage along lattice defects in the contact layer. Thus, the lasing charac teristics are prevented from deteriorating and the lifetime is prolonged.
A Sufficient ohmic contact is also realized, when the contact layer 18c is formed as an amorphous Semiconductor layer, by providing the p-type electrode 18 using Au.
A current injected from the p-type electrode 18 is con centrated at a center portion 13a of the active layer 13, located immediately below the p-side mirror 17p, due to the current blocking layer 15, whereby light is emitted at the center portion 13a of the active layer 13. In Such a manner, a current can be effectively injected into the center portion 13a of the active layer 13 Sandwiched by the p-side mirror 17p and the n-side mirror 17n. Thus, a sufficient gain required for laser Oscillation in the region 13a Sandwiched by the mirrors 17p and 17n can be obtained with a relatively low amount of current. Accordingly, a threshold current density required for laser oscillation can be also reduced. It is preferable for the current blocking layer 15 to have tapered edges at the opening thereof Since Such a configu ration allows the Overlying p-type cladding layer 16 to be uniformly deposited without involving the undesirable for mation of concave portions at the bottom thereof. It is preferable to set a width of the opening (represented as Yin  FIG. 1A) at a value larger than a diameter of the p-side mirror 17p (represented as X in FIG. 1A) . Such setting allows current to be more efficiently injected into the region 13a of the active layer 13 positioned immediately below the p-side mirror 17p.
Although an n-type ZnSSe epitaxial layer is used as the current blocking layer 15 in the above, a layer made of Such a material as ZnSe, ZnS, ZnSSe, ZnSeTe, ZnSTe, ZnMgSSe or CdZnSSe can be used instead. Moreover, a Superlattice Structure of the above materials can be also used.
Furthermore, although an n-type conductive layer is employed as the current blocking layer 15 in the above, an undoped II-VI group compound Semiconductor layer which is a highly resistive layer can be also used as the current blocking layer 15. Alternatively, a II-VI group compound Semiconductor layer when added with oxygen impurities. So as to be a highly resistive layer can be also used as the current blocking layer 15.
The current blocking layer 15 is formed so as to have a Smaller refractive indeX as compared with the adjacent p-type ZnMgSSe cladding layer 14. For example, in the configuration of FIG. 1A , when the, p-type ZnMgSSe clad ding layer 14 has a composition of ZnooMgo. Sosseoss to have a refractive index of 2.64, the n-type ZnSSe current blocking layer is formed So as to have a composition of ZnSoc Seco to have a refractive index of 2.60. Alternatively, in order to form the current blocking layer 15 as a ZnMgSSe layer when the p-type MgSSe cladding layer 14 has the above composition, the current blocking layer 15 is formed as an undoped or n-type ZnMgSSe layer having a composition of ZnosMgo SossSeos to have a refractive index of 2.51.
In the case where a p-type ZnSSe epitaxial layer is used as the current blocking layer 15, the layer 15 needs to be provided in the n-side Structure, i.e., below the active layer 13 (for example, in the n-type cladding layer 12). A method for obtaining Such a structure will be as follows. An n-type ZnSSe buffer layer and then a p-type ZnSSecurrent blocking layer are grown on a GaAS Substrate 11. Then, the p-type ZnSSe layer is etched to form an opening therein. Thereafter, a laser Structure including an n-type ZnMgSSe cladding layer, a multiple quantum well active layer and a p-type ZnMgSSe cladding layer is grown on the obtained layers, whereby the, Similar current constricting Structure is obtained.
Hereinafter, a method for producing the vertical cavity type surface emitting blue semiconductor laser 100 described above will be described with reference to FIGS.
2A through 2E.
In the present example, a Molecular Beam Epitaxy (MBE) method is employed for the growth of the ZnSe type II-VI group Semiconductor material. Specifically, the AlAS or AlGaAS etching Stopping layer 20 is first deposited on the Si-doped n-type GaAs substrate 11 by an MBE method. Thereafter, the Cl-doped n-type ZnMgSSe cladding layer 12, the multiple quantum well active layer (the light emitting layer) 13 (including the ZnCdSe well layers, the ZnSSe barrier layers and the optical guiding layers), the N(nitrogen)-doped p-type ZnMgSSe cladding layer 14, the Cl-doped n-type ZnSSe current blocking layer 15 are 7 Sequentially epitaxially grown on the GaAS Substrate 11 (see FIG. 2A ). It should be noted that in FIGS. 2A through 2E, for the purpose of simplification, the Substrate 11 through the p-type cladding layer 14 are collectively illustrated as being one layer.
According to the above process, high-quality epitaxial layers are obtained since the layers to be grown with the MBE method on the GaAs substrate 11 via the etching Stopping layer 20 are all made from the II-VI group com pound Semiconductor material which Satisfies the lattice match condition with the GaAS Substrate 11. In other words, each of the ZnMgSSe layers and the ZnSSe layers consti tuting the n-type cladding layer 12, the p-type cladding layer 14, the n-type current blocking layer 15 and the p-type Second cladding layer 16 have compositions which Satisfy the lattice match condition with the GaAS Substrate 11.
Therefore, high-quality epitaxial layers with minimum crys tal defect can be obtained.
Prior to the growth of the II-VI compound semiconductor epitaxial layers on the Si-doped n-type GaAS Substrate 11, it may be possible to first deposit a buffer layer, made of ZnSooSeoo or the like which Satisfies the lattice match condition with GaAs, on the GaAS Substrate 11, in order to enhance crystallinity or the like. The II-VI group compound Semiconductor epitaxial layerS may be grown after the deposition of the buffer layer.
Hereinafter, production StepS after the crystal growth will be described.
First, a resist pattern 22 having an opening 22a (diameter: about 16 um) is formed on the Cl-doped, n-type ZnSSe Then, a p-type ZnSSe Second cladding layer 16 is epi taxially grown using an MBE method on the current block ing layer 15 including regions above the opening 15a thereof. The contact layer 18c is further deposited thereon. Consequently, the structure in which the n-type ZnSSe current blocking layer 15 is buried inside so as to exhibit the current constriction function is formed, as shown in FIG.2C.
Then, a resist pattern (not shown) is formed to have a window (diameter: about 12 um) to be used as a Site for forming the p-Side mirror 17p by a photolithography method. Polycrystalline SiO2 layers and polycrystalline TiO2 layers are deposited thereon by Sputtering. Thereafter, the lift-off process is conducted So as to obtain the cylindrical-shaped, p-side mirror 17p (diameter: about 12 um) as shown in FIG. 2D . The cylindrical-shaped, p-side mirror 17p may be formed using methods other than the lift-off process. For example, a multilayered Structure to constitute the p-side mirror 17p may be formed first on the entire Surface of the p-type Second cladding layer 16. A mask may then be formed on the multilayered structure, which is then etched into a cylindrical-shape using the formed mask with an etching method Such as dry etching using a CF, gas.
Thereafter Although the contact layer 1a may be omitted, it is preferable to provide the contact layer 18c made of a ZnTe layer or the like in order to reduce a driving Voltage of the device by minimizing the contact resistance. In this case, however, in order to avoid an increase in internal loSS caused by light absorption of the ZnTe contact layer 18c, an opening is preferably formed in the ZnTe contact layer 18c where the p-side mirror 17p will be formed. Specifically, in order to form the ZnTe contact layer 18c having the opening, a ZnTe layer is deposited on the entire Surface of the p-type Second cladding layer 16, and a resist mask having a predetermined pattern is then formed on the ZnTe layer. Then, the ZnTe layer is etched using the resist mask So that a ZnTe contact layer is formed on the p-type Second cladding layer 16 except a region where the p-side mirror 17p will be formed.
Hereinafter, a production process with respect to the bottom Surface side of the Substrate 11 will be described.
First, in order to promote a photolithography method to be conducted as a later Step, the bottom Surface of the Si-doped n-type GaAS Substrate 11 is etched away to a thickness of about 140 um by using a mixed Solution of HSOHO:HO.
Then, in view of the fact that the GaAS Substrate 11 is not transparent with respect to a blue-color wavelength band, the GaAS Substrate 11 is further etched to form a window 11a
(diameter: about 30 um) So as to expose the n-type ZnMgSSe cladding layer 12 where the n-side mirror 17n will be formed. Specifically, an appropriate resist pattern is formed by a photolithography method and then the GaAs Substrate 11 is wet-etched using a mixed Solution of NHOH:HO:HO, thereby obtaining the window 11a.
Since the etching rate of the above-mentioned mixed solution (the etchant) for GaAs is 20 times faster than that of the same etchant for ZnMgSSe, the etching halts as Soon as the GaAs substrate 11 is etched off to expose the under lying ZnMgSSe cladding layer 12, even without providing an appropriate etching Stopping layer 20. Thus, an extremely flat ZnMgSSe surface can be exposed. When the AlAs or AlGaAs etching stopping layer 20 is provided between the GaAs substrate and the ZnMgSSe layer, further large etching Selectivity characteristics will be obtainable between AlAs or AlGaAs and ZnMgSSe, as compared with the case between GaAs and ZnMgSSe.
The mixed ratio of the above-described etchant can be as follows. Provided that NHOHis in the range of 2 to 5, H.O. is in the range of 30 to 70, and H2O is in the range of 10 to 40. For example, the mixed ration may be NHOH:HO:HO is 5:35:36.
AS previously described, in order to enhance crystallinity or the like, the II-VI group Semiconductor epitaxial layers may be grown after a buffer layer made of ZnSe, ZnSSe or the like is grown on the GaAS Substrate. In this case also, the above-described etchant for etching the GaAs substrate 11 can be used.
A multilayer Structure of polycrystalline SiO layers and polycrystalline TiO2 layerS is deposited by Sputtering after providing the window 11a by etching in the GaAs substrate 11. Thereafter, the multilayer structure is subjected to the lift-off process So as to be processed into an n-side mirror 17n which is a laser light emitting window.
Thereafter, the n-side mirror 17n is coveted with a resist pattern by using the lithography method, and the n-type electrode 19 is formed on the bottom Surface of the GaAS substrate 11 except the window 11a. Specifically, a Pd layer having a thickness of about 10 nm, an Ni layer having a thickness of about 10 nm, a Ge layer having a thickness of 5, 956, 362 about 30 nm and an Aulayer having a thickness of about 80 nm are sequentially deposited. The lift-off is then performed to obtain the n-type PdNiGe Au electrode 19. The heat treatment is performed at a temperature of about 200 C. for realizing an electrode with low electrical resistance.
Although a multilayered Structure including a Pd layer, an Nilayer, a Ge layer and an Au layer is used in the above, a Similar advantage can be obtained when an AuGe alloy layer is deposited on the Pd layer and the Nilayer. In this case, however, it is preferable that the Pd layer (the first layer) and the Nilayer (the Second layer) have a thickness in the range of about 5 nm to about 20 nm, respectively.
The Surface emitting blue Semiconductor laser which has the above-described Structure according to the present invention exhibits a laser oscillation at a room temperature with an extremely Small threshold current of approximately 3 mA. The laser oscillation wavelength is about 510 nm and an obtained radiation angle is as narrow as approximately 7. A current is constricted in a region Sandwiched by the p-side and n-side mirrors 17p and 17n in the multi quantum well active layer 13 because of the epitaxial buried structure of n-type ZnSSe current blocking layer 15. Thus, a current injected from the AuPd electrode (the p-type electrode) 18 flown in cylindrical configuration into the center portion 13a of the multiple quantum well active layer 13. As a result, the laser beam becomes circular having a diameter of about 12 tim at the emitting facet which is relatively large. Thus, an extremely Small radiation angle can be obtained.
In the case where the resist pattern 22 having an opening (diameter: about 16 um) is used as a mask to etch the current blocking layer 15, wet etching is performed using a mixed Solution of Saturated bromine, phosphoric acid and water (e.g., mixed ratio of 1:2:3). However, wet etching is often asSociated with increased Surface roughness of the etched surface, and it tends to be difficult to obtain a smoothly etched side wall by wet etching. Recently, in connection with the above problem, a chlo rine type dry etching is receiving much attention as a method for fine processing of compound Semiconductors, and there have been Several reports on a reactive ion etching on ZnSe using a hydrocarbon type gas. Even with these dry etching techniques, however, there are Some problems Such as slow Specifically, data are measured at a Substrate temperature T=about 20°C., an etching pressure P=about 1x10Torr, and a microwave power M.W.P=about 200 W using the test samples in which a ZnSe layer or a ZnMgSSe layer is grown on a GaAS Substrate using an MBE technique. The etching is performed using three different etching gases: (1) chlorine gas (indicated as "Cl); (2) a mixed gas of chlorine gas and hydrogen gas (indicated as "Cl/H); and (3) a mixed gas of chlorine gas and helium gas (indicated as "Cl/He'). FIG .   3 indicates the average value with respect to both materials under the respective etching gas conditions.
Although there is no data for the etching of a ZnSSe layer which is employed for constituting the current blocking layer 15 in the present example, the results for the ZnSe ZnMgSSe, a rapid increase in the etching rate is observed in accordance with an increase in the acceleration Voltage, and substantially high etching rates are obtainable for both ZnSe and ZnMgSSe with a large acceleration Voltage. One feature to be noted here is that Substantially equal etching rates of ZnSe and ZnMgSSe are obtained when the mixed gas of chlorine gas and hydrogen gas (Cl/H) and the mixed gas of chlorine gas and helium gas (Cl/He) is used. Thus, these mixed gases can be advantageously used for etching a heterojunction structure of ZnSe and ZnMgSSe included in a laser Structure or the like So that both materials are etched at Substantially the same etching rate with each other. Thus, in the case where the mixed gas is used as an etching gas (i.e., either the mixed gas of chlorine gas and hydrogen gas or the mixed gas of chlorine gas and helium gas), an In the present example, the flow rate of gas is Set to be about 5 sccm for both Cl and H. Alternatively, when a ratio of the flow rate of H to the flow rate of Cl (H/Cl) satisfies the following relationship: 0.5<(H/Cl)<1.5), the etching characteristics Such as the one described above can be obtained.
Although the mixed gas of hydrogen gas and chlorine gas is used in the above, Similar advantages can be obtained for a mixed gas of nitrogen gas or an inactive gas (e.g., helium, neon or xenon) and chlorine gas.
In the first example of the present invention described above, the p-type AuGeNiPd electrode 18 is used. This is because Since a ZnSe type II-VI group compound Semicon ductor material generally grows at a low temperature of 300 C. or lower, it is necessary to form an ohmic contact at a 5,956,362 11 Sinter temperature as low as possible So as not to cause adverse effects on the layered structure of the ZnSe type II-VI group compound Semiconductor material already obtained. The surface emitting blue semiconductor laser 200 is different from the previous laser 100 in that the p-side mirror and the n-side mirror are formed with a multilayered Struc ture of the II-VI group compound Semiconductor materials.
In the surface emitting blue semiconductor laser 200, an n-Side mirror 65n, Semiconductor active region 62 function ing as a light emitting layer, a p-side mirror 65p, a Cl-doped n-type ZnSSe current blocking layer 63 having a predeter mined opening, and an N(nitrogen)-doped p-type ZnSSe cladding layer 64 are Sequentially and epitaxially grown on an Si-doped n-type GeAS substrate 61.
In the present example, the n-side mirror 65n is formed from an n-type multilayered structure of Cl-doped ZnMgSSe epitaxial layers and Cl-doped ZnSSe epitaxial layers. On the other hand, a p-side mirror 65p is formed from a p-type A p-type AuPd electrode 66 is formed on the p-type cladding layer 64 via a ZnTe contact layer 66c. The ZnTe contact layer 66c is employed to reduce contact resistance between the p-type electrode 66 and the p-type cladding layer 64, and is formed to surround the p-type mirror 65p with a predetermined opening pattern So as not to absorb laser light. An n-type AuGeniPd electrode 67 is formed on is formed in the GaAs substrate 61 through which the laser light is emitted.
An etching Stopping layer may be provided between the GaAS Substrate 61 and the Semiconductor layered Structure grown thereon, as in the first example.
Hereinafter, the p-side mirror 65p and the n-side mirror 65n of the present example, which are formed with the Semiconductor multilayered Structure, will be described.
Generally, Semiconductors have extremely good thermal conductivity properties as compared with insulating mate rials. For example, a thermal conductivity of the II-VI group compound Semiconductor is approximately 30 times as large as that of the SiO. Thus, in the case where the mirrors formed with a multilayered structure of ZnMgSSe epitaxial layerS and ZnSSe epitaxial layers are used, heat generated in the active layer immediately beneath the mirrors can be dissipated without passing through an oxide thin film (an insulating thin film) Such as an SiO film or the like. Thus, a lasing operation at high temperature in realized.
Moreover, when the mirrors are formed with multilayered Structure of an insulating material, a current cannot be injected therethrough. However, in the case of the mirrors formed with a multilayered structure of the II-VI group compound Semiconductor materials. Such as the ZnMgSSe epitaxial layerS and the ZnSSe epitaxial layers, impurities can be introduced to provide the mirrors with a certain conductivity. As a result, current injection through the mirrors becomes possible, resulting in an efficient current constriction and decreased threshold current density.
In the present example, each of the p-side mirror 65p and the n-side mirror 65n has a Semiconductor multilayered structure of ZnMgSSe epitaxial layers and ZnSSe epitaxial layerS doped with p-type or n-type impurities. Thus, current is efficiently constricted into a region of the light emitting layer immediately below the mirrors (i.e., a light emitting region interposed between the mirrors) So that high optical gain can be obtained in an optical cavity. As a result, good operational characteristics of the vertical cavity type Semi conductor light emitting device (the Surface emitting blue Semiconductor laser) at a low threshold current density are obtained.
Example 3 FIG. 7 is a structural cross-sectional view showing a third exemplary vertical cavity type Surface emitting blue Semi conductor laser 300 employing a ZnSe type II-VI group Semiconductor material according to the present invention.
The surface emitting blue semiconductor laser 300 also employs the p-side mirror 74p and the n-side mirror 74n each having a multilayered Structure of the ZnMgSSe epi taxial layers and the ZnSSe epitaxial-layers. Moreover, an MBE grown II-VI group compound semiconductor layer without being added with impurities, i.e., an undoped II-VI group compound Semiconductor layer, becomes a high resis tive layer. In the present example, Such a high resistive layer is used as a current blocking layer. Thus, the current block ing layer can be provided immediately above an active layer to realize more effective current constriction.
FIG. 7 is a structural cross-sectional view showing the surface emitting blue semiconductor laser 300.
In the surface emitting blue semiconductor laser 300, an n-Side mirror 74n having a Semiconductor multilayered Structure, a ZnSSe active layer 72, an undoped high resistive ZnSSecurrent blocking layer (the current constricting layer) 5,956,362 13 73, and a p-side mirror 74p having a Semiconductor multi layered Structure are Sequentially and epitaxially grown on an Si-doped, n-type GaAs substrate 71.
The current blocking layer 73 has an opening So that current injected from the p-type electrode 75 is allowed to be concentrated into the center region of the active region 72. The p-side mirror 74p is formed on the current blocking layer 73 So as to bury the opening.
In the present example, the n-side mirror 74n is formed from an n-type multilayered structure of Cl-doped ZnMgSSe epitaxial layers and Cl-doped ZnSSe epitaxial layers. On the other hand, a p-side mirror 74p is formed from a p-type multilayered structure of N(nitrogen)-doped ZnMgSSe epi taxial layers and N(nitrogen)-doped ZnSSe epitaxial layers.
The p-type electrode 75 made of, for example, AuPd, is formed on the entire surface of the p-side mirror 74p. An n-type electrode 76 made of AuCeNiPd, for example, is formed on the bottom Surface of the Substrate 71.
Although not shown in the FIG. 7 , a contact layer made of Such a material as explained in the first example may be interposed between the p-aide mirror 74p and the p-type electrode 75 for reducing contact resistance therebetween. In addition, an etching Stopping layer as described in the first example may be provided between the GaAs substrate 71 and the Semiconductor multilayered Structure formed thereon.
The active region 72 of the blue semiconductor laser 300 has a similar structure as the active region of the blue semiconductor laser 200. Specifically, the active region 72 includes, starting from the Side closer to the n-side mirror 74n, an n-type ZnMgSSe cladding layer, a ZnSSe light confinement layer, an alternate structure (the quantum well structure) of well layers (thickness: about 4 nm) and barrier layers (thickness: about 20 nm), a ZnSSe light confinement layer and a p-type ZnMgSSe cladding layer. A total of three ZnCdSe well layers are provided. The ZnSSe light confine ment layers (thickness: about 20 nm) are provided between the Sidemost ZnCdSe well layers and the n-type/p-type ZnMgSSe cladding layers, respectively.
In the present example, the p-Side mirror 74p and the n-Side mirror 74n each have a Semiconductor multi-layered Structure doped with p-type or n-type impurities. Accordingly, current can be injected through the mirrors. Moreover, the injected current can be constricted So as to flow into a region of the active region 72 interposed between the p-side and n-side mirrors 74p and 74n. Thus, current is efficiently constricted into a light emitting region interposed between the mirrorS So that a high optical gain can be obtained in an optical cavity, resulting in a low threshold current density. The laser light is emitted through the win The surface emitting blue semiconductor laser 400 also employs the p-Side mirror and the n-side mirror each having a multilayered structure of the ZnMgSSe epitaxial layers and the ZnSSe epitaxial layers. In the present example, however, laser light is obtained by forming an opening on the II-VI group compound Semiconductor layers in the upward direc tion in the figure, instead of in the downward direction through the window in the Substrate. Therefore, no etching of 1a GaAS Substrate is required for forming a window for obtaining the laser light and thus the proceSS can be Sim plified.
FIG Specifically, an n-side mirror 85n having a Semiconductor multilayered Structure, a multiple quantum well active region 82 and a p-side mirror 85p having a Semiconductor multilayered Structure are provided on an Si-doped, n-type GaAs substrate 81. A Cl-doped, n-type ZnSSecurrent block ing layer (the current constricting layer) 83 to exhibit the current constricting function is provided on the p-Side mirror 85p. The current blocking layer 83 has an opening for current to flow therethrough in a concentrated manner into the center region of the active region 83. An NCnitrogen)-doped, p-type ZnSSe cladding layer 84 is formed So as to cover the current blocking layer 83 to bury the opening.
The active region 82 has a similar structure as that within the Surface omitting blue semiconductor lasers 200 and 300. Specifically, the active region 82 includes, Starting from the side closer to the n-side mirror 85n, an n-type ZnMgSSe cladding layer, a ZnSSe light confinement layer, an alternate Structure (a multiple quantum well Structure) of well layers and barrier layers, a ZnSSe light confinement layer and a p-type ZnMgSSe cladding layer.
The n-side mirror 85n has an n-type multilayered struc ture of Cl-doped ZnMgSSe epitaxial layers and Cl-doped ZnSSe epitaxial layers. The p-side mirror 85p has a p-type multilayered structure of N(nitrogen)-doped ZnMgSSe epi taxial layers and N(nitrogen)-doped ZnSSe epitaxial layers.
A p-type electrode 86 mods of, e.g., AuPd, is formed on the entire Surface of the p-type cladding layer 84. An n-type electrode 87 made of, e.g., AuCeNiPd, is formed on the entire bottom Surface of the Substrate 81.
Although not shown in FIG. 8 , a contact layer made of Such a material as explained in the first example may be interposed between the p-side mirror 85p and the p-type electrode 86 for reducing contact resistance therebetween.
In the present example, the generated laser light is obtained through the II-V group compound Semiconductor layers, instead of through the Substrate 81. Thus, an opening is provided in the p-type electrode 86 so that the laser light is allowed to emit therethrough in an upward direction as shown in FIG. 8. In the present example, the p-side mirror 85p and the n-side mirror 85n each has a semiconductor multilayered Structure doped with p-type or n-type impurities. Accordingly, current can be injected through the mirrors. Moreover, the injected current can be constricted So as to flow into a region of the active region 82 interposed between the p-side and n-side mirrors 85p and 85m. Thus, current is efficiently constricted into a light emitting region interposed between the mirrors So that high optical gain can be obtained in an optical cavity, resulting in low threshold current density.
Since Semiconductor materials have better thermal con ductivity as compared with insulating materials, the Semi 5,956,362 15 conductor multilayered mirrors (of the ZnMgSSe epitaxial layers and the ZnSSe epitaxial layers) allow heat generated in the active layer immediately beneath or above the mirrors to be efficiently dissipated without passing through the oxide thin film (the insulating thin film) such as an SiO film.
Thus, a laser operation can be conducted at high tempera ture.
Example 5 FIG. 9 is a structural cross-sectional view showing a fifth exemplary vertical cavity type Surface emitting blue Semi conductor laser 500 employing a ZnSe type II-VI group Semiconductor material according to the present invention.
The surface emitting blue semiconductor laser 500 also employs the p-Side mirror and the n-side mirror each having a multilayered structure of the ZnMgSSe epitaxial layers and the ZnSSe epitaxial layers, as in the Surface emitting blue semiconductor lasers 200, 300, and 400. Moreover, an MBE grown II-VI group compound Semiconductor layer without being doped with impurities, i.e., an undoped II-VI group compound Semiconductor layer, becomes a high resistive layer. In the present example, Such a high resistive layer is used as a current blocking layer. Thus, the current blocking layer can be provided immediately above an active layer to realize more effective current constriction.
In the present example, however, laser light is obtained by forming an opening on the II-VI group compound Semicon ductor layers in the upward direction in the figure, instead of in the downward direction through the window in the Substrate. Therefore, no etching of a GaAS Substrate is required for forming a window for obtaining the laser light and thus the process can be simplified.
FIG. 9 is a structural cross-sectional view showing the surface emitting blue semiconductor laser 500.
In the surface emitting blue semiconductor laser 500, an n-Side mirror 94n having a Semiconductor multilayered Structure and an active region 92 are provided on an Si-doped n-type GaAs substrate 91. On the active region 92, an undoped high resistive ZnSSecurrent blocking layer (the current constricting layer) 93 to exhibit the current constrict ing function is provided. The current blocking layer 93 has an opening So that current injected from the p-type electrode 95 is allowed to be concentrated into the center region of the active region 92. The p-side mirror 94p having the semi conductor multilayered Structure is formed on the current blocking layer 93 So as to bury the opening. A p-type electrode 95 made of, e.g., AuPd, is formed on the p-side mirror layer 94p. An opening corresponding to the opening in the current blocking layer 93 is formed in the p-type electrode 95. Laser light is emitted through the opening, i.e., in the upward direction in FIG. 9 .
The active region 92 has a similar structure as that within the surface emitting blue semiconductor lasers 200, 300 and 400. Specifically, the active region 92 includes, starting from the side closer to the n-side mirror 94n, an n-type ZnMgSSe cladding layer, a ZnSSe light confinement layer, an alternate Structure (a multiple quantum well Structure) of well layers and barrier layers, a ZnSSe light confinement layer and a p-type ZnMgSSe cladding layer.
The n-side mirror 94n has an n-type multilayered struc ture of Cl-doped ZnMgSSe epitaxial layers and Cl-doped ZnSSe epitaxial layers. The p-side mirror 94p has a p-type multilayered structure of N(nitrogen)-doped ZnMgSSe epi taxial layers and N(nitrogen)-doped ZnSSe epitaxial layers.
An n-type electrode 96 made of, e.g., AuCeNiPd, is formed on the entire bottom Surface of the Substrate 91. Although not shown in FIG. 9 , a contact layer made of Such a material as described in the first example may be provided between the p-side mirror 94p and the p-type electrode 95 So as to reduce contact resistance therebetween.
In the present example, the generated laser light is obtained through the II-VI group compound Semiconductor layers, instead of through the Substrate 91. Thus, an opening is provided in the p-type electrode 96 so that the laser light is allowed to emit therethrough in the upward direction in the figure. Therefore, no etching of a GaAS Substrate is required for forming a window for obtaining the laser light and thus the process can be simplified.
In the present example, the p-side mirror 94p and the n-side mirror 94n each has a semiconductor multilayered Structure doped with p-type or n-type impurities. Accordingly, current can be injected through the mirrors. Moreover, the injected current can be constricted So as to flow into a region of the active region 92 interposed between the p-side and n-side mirrors 94p and 94n. Thus, current is efficiently constricted into a light emitting region interposed between the mirrors So that high optical gain can be obtained in an optical cavity, resulting in low threshold current density.
Since Semiconductor materials have better thermal con ductivity as compared with insulating materials, the Semi conductor multilayered mirrors (of the ZnMgSSe epitaxial layers and the ZnSSe epitaxial layers) allow heat generated in the active layer immediately beneath or above the mirrors to be efficiently dissipated without passing through the oxide thin film (the insulating thin film) such as an SiO film.
Thus, a laser operation can be conducted at a high tempera ture.
AS has been previously explained with reference to Table  1 in connection with the first example, the n-type AuGeniPd electrode used as the n-type electrode 96 in the present example has relatively low contact resistance, although relatively high temperature is required for the heat treatment to form the electrode with a low resistance, as compared with other metal electrodes. Thus, AuCeNiPd is a Suitable material as an electrode.
Example 6 Hereinafter, an optical disk apparatuS 600 incorporating a Vertical cavity type Semiconductor light emitting device (specifically, a Surface emitting Semiconductor laser) according to the present invention will be described with reference to FIG. 10. In the optical disk apparatus 600, the semiconductor laser 121 is of a can type in which a laser chip is contained in a can. Laser light 122 having a wavelength of about 480 nm is emitted from the can-type Semiconductor laser 121 and collimated by a collimator lens 123. Thereafter, the colli mated light is divided into three beams (although shown as one beam in the figure for the clarification) at a diffraction grating 124, passes through a half prism 125, and is collected by a collective lens 126 to make a spot having A diameter of about 1 um on an optical disk 127.
Light which was reflected from the optical disk 127 once again passes through the collective lens 126, reflects off the half prism 125 and enters into an optical detector (a photodiode) 1210 through a light receiving lens 128 and a cylindrical lens 129 and a light interception lens 128. The photodiode 1210 converts the detected optical signal into an electric Signal.
Upon the detection by the photodiode 1210, an offset of the light beam Spot in the radial direction of the optical disk 127 (i.e., the tracking error) can be detected using the divided 3 beams. In addition, positional offset of a focusing point of the light beam spot in the direction perpendicular to the Surface of the optical disk 127 (i.e., the focusing error) is detected by the cylindrical lens 129. The thus detected offsets (the tracking error and the focusing error) are com pensated for by finely adjusting the position of the light beam spot on the optical disk 127 with a driving system 130. Specifically, the positional adjustment described above can be conducted by finely adjusting the position of the collect ing lens 126 using the driving system 130.
Thus, the optical disk apparatus 600 includes a semicon ductor laser 121, a light collection optics for guiding the laser light emitted from the semiconductor laser 121 onto the optical disk 127, and the optical detector 1210 which detects the reflected light from the optical disk 127. The optical disk apparatus performs a reading operation of the information signal recorded on the optical disk 127. Moreover, by increasing the optical output of the Semiconductor laser 121, a writing operation onto the optical disk 127 can also be conducted. Thus, the optical disk apparatus 600 of simple configuration and exhibiting Satisfactory characteristics is realized, which performs both the reading operation (the reproducing operation) and the writing operation (the recording operation) using the same Semiconductor laser 121.
The Semiconductor laser according to the present inven tion is a Surface emitting type. When applied to the Semi conductor laser 121 included in the optical disk apparatus 600, a laser beam which inherently has a circular shape can be utilized. Accordingly, the laser light beam 122 emitted from the semiconductor laser 121 can be incident on the optical disk 127 without being Subjected to the beam shape modification. Thus, the light beam 122 emitted from the Semiconductor laser 121 can be efficiently utilized, resulting in improved optical efficiency of the optical disk apparatus 600.
Moreover, the Surface emitting Semiconductor laser exhibits a Small angle of the beam spreading (i.e., a small radiation angle). Thus, when the Semiconductor laser of the present invention is applied to the configuration in FIG. 10 By monolithicly forming the optical detector (the light receiving device) 112 and the Surface emitting laser 111 on the same Substrate 113, optical axes thereof can be easily aligned with respect to each other. Thus, a monolithic device which can be produced at reduced cost can be obtained.
In addition, the Semiconductor lasers according to the present invention are also applicable to a light Source of a recording apparatus Such as a printer.
Example 8 The light emitting apparatus 800 including an integrated array of the Surface emitting Semiconductor laserS 175 can be used as a light Source in the optical disk apparatus. A plurality of laser beams respectively emitted from the Sur face emitting Semiconductor lasers 175 in the array can be simultaneously incident on the optical disk 190 in parallel. Thus, reading out and/or writing of a plurality of information Signals can be performed Simultaneously in parallel, result ing in recording and reproducing of information signals at high Speed and with high density.
AS described above, in the Vertical cavity type Semicon ductor light emitting device according to the present invention, the light emitting region including the active layer is formed with II-VI group compound Semiconductor mate rials. AII-VI Semiconductor layer with an opening is buried above the active layer So as to function as a current blocking layer (a current constricting layer). Accordingly, current is constricted So as to be efficiently injected only into a region of the active layer (the light emitting region) interposed between a pair of mirrors. As a result, the current-driven Vertical cavity type Semiconductor light emitting device (e.g., a Surface emitting blue Semiconductor laser) having a low threshold current density and exhibiting Satisfactory operational characteristics is realized.
By providing a contact layer having an opening above the active layer (e.g., an ZnTe contact layer), contact resistance is reduced while keeping optical loss (resulting from absorp tion of the generated light by the contact layer) at a low level.
Mirrors provided So as to interpose the active layer (the light emitting region) therebetween are conventionally have a multilayer structure of insulating materials (oxides) Such as SiO2. Heat generated in the active layer immediately below the mirrors has to be dissipated through the mirrors. However, the insulating materials tend to have a relatively Small value of thermal conductivity, resulting in insufficient heat dissipation. On the other hand, by constituting the mirrors with a multilayered structure of II-VI group com pound Semiconductor materials as in the present invention, heat generated in the active layer immediately below the mirrors can be efficiently dissipated through the mirrors. AS a result, a lasing operation of the device can be realized at a higher temperature.
When the mirrors have a multilayered structure of the insulating materials, current can not be injected there through. On the other hand, by constituting the mirrors with a multilayered Structure of II-VI group compound Semicon ductor materials as in the present invention, Such as of ZnMgSSe epitaxial layers and ZnSSe epitaxial layers, a certain conductivity can be provided to the mirrors through 5,956,362 19 introduction of impurities. Accordingly, current injection through the mirrorS is realized, resulting in efficient current constriction and reduced threshold current density.
For etching the II-VI group compound Semiconductor epitaxial layer, dry etching can be performed with a mixed gas as an etchant which includes, as a first gas component, chlorine gas, and as a Second gas component, either of hydrogen gas, nitrogen gas or an inert gas. In Such an etching, less damage is introduced to the etched Surface, a high etching rate can be obtained, and a Satisfactory vertical wall can be formed. Thus, a structure which allows current to efficiently constrict can be formed.
When the GaAs substrate for the vertical cavity type Semiconductor light emitting device is etched So as to form a window therein through which the generated laser light is to emit, wet etching may be performed using a mixed solution of NHOH, HO and HO as an etchant. In such wet etching, a window can be easily formed in the Substrate.
In addition, after the fabrication of the window, an electrode made of Such a material as PdNiGe Au can be formed on the Substrate, e.g., the n-type GaAS Substrate, at a low tempera ture.
The light emitting apparatus as described above can be easily connected (i.e., optically coupled) with a plurality of plastic fibers by inserting the fibers into the windows for emitting the light. Parallel optical data transmission can thus be easily realized. Specifically, the Surface emitting Semi conductor laser according to the present invention provides a blue laser light with a wavelength of about 480 nm while plastic optical fibers tend to exhibit a Small propagation loSS with respect to the light with the about 480 nm wavelength. Accordingly, a light Source with low loSS can be realized.
A vertical cavity type Semiconductor light emitting device (e.g., a Surface emitting Semiconductor laser) according to the present invention is provided with a current blocking layer, for effectively injecting current in a region of a light-emitting layer interposed between the mirrors having a multilayered Structure. Accordingly, a lasing operation can be performed with low threshold current. Moreover, by constituting the p-Side mirror and the n-side mirrors with a Semiconductor multilayered Structure which has a good thermal conductivity, heat generated in an active layer immediately beneath or above the multilayered mirrors can be effectively dissipated through the mirrors. Thus, a lasing operation can be conducted at high temperature.
Moreover, laser light can be emitted on the multilayered first II-VI group compound Semiconductor layer which has an opening at a position corresponding to the inside of the light emitting layer; and an upper mirror and a lower mirror which are provided So as to interpose the light emitting layer therebetween, wherein a current is injected through the opening into the light emitting layer, and the first II-VI group compound Semiconductor layer is one of a ZnSSe layer and a ZnMgSSe layer.
